Spermicide has been reported in other insects [14] , but this seems to be the result of male-female conflict rather than male-male competition. Killing of sperm by females (and other anti-sperm activity such as sperm digestion) does not require the level of sophistication reported in the bee and ant study, but would nevertheless provide females with a mechanism to restrain selfish male fertilization interests. There is evidence of sexual conflict over sperm-killing in the ant and bee study too because fluid from the female sperm-store prevents killing in one spermicidal ant species [5] . Sophisticated killing of rival sperm like that reported is a neat way to enhance self-fitness when sperm compete numerically, and various means of damaging rival sperm have been proposed in the past (e.g. the 'kamikaze sperm' hypothesis). However, these claims have usually floundered on closer examination [15] , as seen with the coshing of incapacitation in the Drosophila study [4] . Nonetheless, as one study slams the lid on sperm incapacitation [4] , another resurrects it in a most remarkable way [5] . Spermicidal specificity like that identified [5] could also limit the exploitation of rival ejaculates. Exploitation of rivals has recently been proposed as a way of reducing the costs of dealing with female reproductive-tract hostility to sperm [13] , but spermicidal rival semen could eliminate this possibility. The bee and ant work is also noteworthy because the effects documented are found in so many species, but the occurrence of such highly targeted spermicide outside the Hymenoptera remains to be demonstrated. The study of sperm competition has now matured into a broad and diverse field, and it seems the road to further enlightenment is via fluorescently labelled sperm. Cell Polarity: Lateral Perspectives
The outer and inner (lateral) plasma membranes of the outermost cell layer in plants provide selective barriers to the environment. Recent studies provide perspectives on how asymmetric protein localization is established at lateral membranes.
Markus Grebe
Flowering plants display an obvious asymmetric organization along their shoot-root axis. At the sub-cellular level, such asymmetries are reflected as polar protein localization at plasma membranes facing the shoot (apical membranes) or the root (basal membranes). While our understanding of the mechanisms underlying formation of apical-basal cell polarity has improved considerably [1] , nothing is known about how polarity of membranes facing the plant surface (referred to as outer lateral, peripheral or distal membranes), or of membranes oriented towards the centre of the root and shoot (called inner lateral, central or proximal membranes), is established ( Figure 1 ). Yet, the outer membrane of the surface tissue layer (epidermis) fulfils important functions. It provides a barrier for selective uptake of nutrients, extrusion of toxic compounds, and is the first membrane that encounters abiotic and biotic stresses. Consequently, outer lateral membrane polarity may be crucial to plant survival under challenging conditions. For example, the essential nutrient boron needs to be taken up from the soil, but it is toxic at high concentrations. Here, polar localization of the Arabidopsis boron transporter BOR4 at the outer lateral membrane of the root epidermis comes into play because BOR4 confers boron efflux at high concentrations [2] . Consistent with the view that proteins required for defence against penetrating pathogens may act at the outer lateral membrane, the PENETRATION3 (PEN3) protein fused to greenfluorescent protein (GFP) (PEN3-GFP) localizes to the epidermal plasma membrane [3] , specifically, at the outer lateral membrane of root epidermal cells [4] . With regard to the shoot-root axis, the apical membrane is marked by the PIN-FORMED2 (PIN2) protein [5] , while the basal membrane can be visualized by PIN1 overexpressed in the root epidermis [6] . Compared to our advanced understanding of apical-basal protein targeting and recycling [1] , little is known about lateral membrane polarity. In this issue of Current Biology, Łangowski and colleagues [7] report a new outer lateral membrane protein in root epidermal cells, the pleiotropic drug resistance (PDR)/ATP binding cassette (ABC) transporter PDR9/ ABCG37, which is a homologue of PEN3. Strikingly, polar localization of ABCG37, BOR4, and PEN3 remained unaffected by modulating the activity of regulators of apical-basal PIN protein trafficking [7] , including the PINOID protein kinase and PP2A protein phosphatases [8] . Similarly, an endocytosis-defective sterol biosynthesis mutant that does not correctly establish PIN2 polarity [9] did not show altered lateral ABCG37 localization [7] . Moreover, mutations in the gene encoding the GDP/ GTP-exchange factor on small ARF-type GTPases (ARF GEF) GNOM, which is required for PIN protein recycling at the plasma membrane [10] , did not perturb ABCG37 polarity [7] . In addition, mutations in regulators of PIN protein trafficking during later steps of the endocytic pathway [1, 11] did not alter lateral ABCG37 polarity [7] . Hence, polar localization of outer lateral membrane proteins involves different mechanisms than those controlling the trafficking of apical-basal cargo. Consistent with this view, the vesicle trafficking inhibitor brefeldin A (BFA), which in Arabidopsis roots targets ARF GEFs required for endocytic recycling of apical-basal cargo [10] , hardly affected polar localization of ABCG37, BOR4 and PEN3 [7] . BFA caused limited accumulation of these proteins in intracellular membrane agglomerations, which was prevented by inhibition of protein translation [7] , suggesting that BFA-sensitive ARF GEFs are unlikely to mediate recycling but may contribute to secretory targeting to the outer lateral membrane. The inhibition of protein synthesis strongly reduced fluorescence recovery after photobleaching of PEN3-GFP, confirming that secretion contributes to targeting to the outer lateral domain [7] . The authors interpreted these results as the first demonstration of polar secretion in plants [7] , but one should keep in mind that axial targeting of material to the cell plate during cytokinesis also largely depends on secretory trafficking [12] , and thus may be considered an example of polar secretion. Nevertheless, the results of Łangowski and co-workers [7] provide new perspectives on mechanisms underlying the establishment of outer lateral membrane polarity. It will be interesting to see whether this involves secretory targeting and/or fast endocytic recycling mediated by BFA-insensitive ARF GEFs [13] .
Two other proteins marking inner and outer lateral plasma membranes were recently described by Takano and co-workers [14] . Functional GFP-fusion proteins of the boron uptake channel NIP5;1 and the boron efflux carrier BOR1 were found to be localized to the outer and inner lateral membrane of root epidermal and other cell types, respectively [14] . This intriguing placement at opposite membranes sheds light on previous observations that NIP5;1 mediates boron import [15] and that BOR1 counteracts boron deficiency [16] . The protein localization data suggested that NIP5;1 confers boron influx into the outermost cell layers, while BOR1 may be a component of a subsequent efflux relay toward the underlying cortex cells, endodermal cells and finally toward the vascular tissue, from where the nutrient can be transported to the shoot [14] .
Similarly, Alassimone and colleagues [17] observed outer and inner lateral membrane localization of NIP5;1 and BOR1, respectively, expressed under an endodermis-specific promoter. The endodermis represents a special case, because during endodermal differentiation the casparian strip domain is established (Figure 1 ), a specialized cell-wall and membrane area that provides a diffusion barrier between outer and inner (peripheral and central) endodermal membrane domains [17] . Yet, the system mediating outer NIP5;1 and inner BOR1 polarity can be traced back to the globular stage of Arabidopsis embryogenesis. Thus, inner lateral and outer lateral polarity are established with the emergence of provascular cells and are aligned with the vascular tissue throughout subsequent development, leading the authors to speculate that underlying polarity cue(s) originate from the vasculature [17] . This hypothesis provides the basis for future studies on lateral polarity.
Neither Alassimone and colleagues [17] nor Łangowski and co-workers [7] observed a clear-cut requirement of the cytoskeleton for establishment of lateral polarity. However, upon actin-depolymerization, GFP-ABCG37 and PEN3-GFP slightly accumulated in intracellular compartments of epidermal cells, which was prevented by inhibition of protein translation, suggesting that the actin cytoskeleton may contribute to secretory trafficking of these outer lateral membrane proteins [7] .
The first insights into which sorting signals may be required for polar protein localization at inner lateral membranes are provided by Takano and colleagues [14] . The authors confirmed that endocytic trafficking of internalized BOR1-GFP to the vacuole occurs via a BFA-sensitive pathway [14, 18] and then defined three tyrosine-based sorting signals in BOR1 that are required for its polar inner lateral membrane localization [14] . Tyrosine-based signals are needed for endocytic and lysosomal sorting in mammalian cells [19] , and an Arabidopsis tyrosine-based signal sequence of a vacuolar sorting receptor interacts with the m subunit of adaptor protein complexes [20] . Thus, while it remains to be determined at which specific endocytic sorting step the tyrosine-based signals of BOR1 participate, these findings provide an entry to studies on the molecular machinery mediating polar sorting of inner lateral membrane proteins.
Taken together, these recent studies show that a minimum of four polar domains -apical, basal, outer and inner lateral domains -can coexist at the membranes of root cells. When it comes to nomenclature, plant scientists do not always speak the same language, so that three synonymous terminologies 'outer-inner', 'peripheral-central' and 'distal-proximal' are used to describe one aspect of the newly established fourfoldness [8, 14, 17] . Nonetheless, the results open new avenues toward elucidation of molecular, cellular and developmental mechanisms underlying the formation of lateral polarity in plants. Finally, the establishment of an endodermis model for cell polarity formation adds yet another dimension because it remains unknown how components of the casparian strip are put into place -to seal off outer from inner lateral domains.
